damaging effect on liver cells, damage the membrane structures of hepatocytes and disrupt the transmembrane transport of hydrogen and other substrates, which in turn leads to discoordination of metabolic processes and subsequently with the progression of the disease to cell death. The result of this process, according to the literature, is the hepatic insufficiency development of varying severity [10, 13, 14] . There are quite a few studies of the morphofunctional organization of the liver in a healthy person. However, in the literature published over the last decade, unfortunately, there are unjustifiably few studies devoted to morphofunctional changes in the liver in acute small bowel obstruction.
Due to the high mortality among people of young and working age and the insufficient effectiveness of the existing methods of treating ASBO, we found it necessary to conduct an experimental morphological analysis of the nature and scale of changes in the hepatic lobules in the dynamics of development of ASBO [15] .
In our study, we used a morphometric method to assess the change in the volume of liver vascular bed (the arterial part of liver hemomicrocirculatory bed, the capillary and venous part) on samples stained with hematoxylin and eosin.
The most important chemical compounds that ensure the vital activity of the human body are carbohydrates [16, 17] . Their role is extremely important in providing the energy component of intracellular metabolism, providing it up to 60% [16] . The liver plays a central role in numerous carbohydrate metabolism reactions, it is the organ that maintains a normal blood glucose level due to the processes of glycogenesis -the conversion of glucose to glycogen by means of the hormone insulin. A characteristic feature of hepatocytes is their ability to store and dispose of glycogen as the major metabolite of energy [17] . Depot of glycogen in the liver can reach 1/5 of body weight. With the development of hypoxic conditions, intensive mobilization of carbohydrates from the liver takes place to compensate for the energy needs of the organism [18] . We studied the level of glycogen in the liver at different stages of the strangulational ASBO.
Thus, the purpose of our work was to identify the patterns of changes in the morphofunctional organization of the vascular bed of the liver and their relationship to changes in the level of energy metabolism in the liver at different stages of development of acute strangulational small intestine obstruction. Studying these changes in the liver with acute strangulational small bowel obstruction on the clinical material, performing a biopsy in the dynamics of the pathological process, is not possible. In this regard, the basis of our work was the experimental modeling of this disease.
Materials and Methods
The subject of our work were dogs. When choosing the subject for our study we were guided by the fact that the anatomy, physiology and morphological structure of the liver of the dog and human are the closest to each other [19] [20] [21] . Structure and functions of the digestive tract, the main sources of blood circulation and blood outflow, the structure of the arterial and venous bed and consequently, the hemomicrocirculatory bed of the gastrointestinal tract in dogs and humans are similar [19] . A sufficiently high position in the phylogenetic raw of the dog and human determines the uniformity of the course of reactions.
The study was performed on 23 adult mongrel dogs of both sexes weighing 17 -20 kg. On 3(three) dogs which served as first control group, we performed the study of normal liver morphology. On animals of the second group (12 animals), modeling of strangulational small bowel obstruction was performed. Simulation of the disease was carried out under anesthesia, for which dogs were administered 2.5% solution of sodium thiopental at a rate of 0.4 -0.5 ml per 1 kg of body weight of the animal. After antiseptic treatment of the skin the peritoneal cavity was opened with a median incision and ligature was applied with a capron thread No. 5 on the loop of the small intestine for 15 cm long at a distance of 80 cm from the ileocecal transition. After 3, 6, 12 and 24 hours following the creation of acute strangulational small bowel obstruction model for the preparation of histological samples the sections of liver tissue was excised from the anterior margin of the right lobe size 2 × 3 cm. The pieces were fixed in a Cornois liquid and then in a 12% neutral formalin and after the appropriate washing, was poured with paraffin. Slices of 5 -7 microns thick were prepared from the material embedded in paraffin. Samples were stained with hematoxylin and eosin and using the Schiff (PAS) reaction method.
The third control group, consisted of 8 animals, in whom the study of liver morphology after laparotomy without intervention on the vessels and organs of the abdominal cavity was performed. The sampling of the material for the study was carried out 3, 6, 12 and 24 hours after laparotomy. Comparison of the results of the second and third groups allows to reveal changes in the liver caused by acute small bowel obstruction, but not the consequences of laparotomy for the modeling of the disease.
The choice of observation periods is based on the peculiarities of the clinical manifestations of ASBO. The manifestation of clinical symptoms of acute strangulational small bowel obstruction occurs almost immediately after the formation of strangulation, as the pathological process involves mesentery of the small bowel, which contains a large number of blood vessels and nerve endings.
Methods of research included
1. Methods of setting experiments -modeling of acute strangulational small bowel obstruction
Methods for the study of liver morphology
Methods for studying liver morphology under normal conditions and after modeling of small bowel obstruction were the same. A morphometric method was used to assess the change in the volume of the vascular bed in terms of the degree of change in the area occupied by the departments (arterial part of the hemomicrocirculatory bed of the liver, capillary and venous) in a histological sample on a 600 × 103 m 2 , samples were stained with hematoxylin and eosin. The ratio of the volume of the vascular system of the portal system, the system of the hepatic artery and the system of hepatic veins (central veins of liver lobules) is calculated on the basis of a comparison of the calculated value of the total radius of the vascular bed by applying formula;
S=πr 2
where S -the area of the vascular bed in the selected standard area of the sample.
The calculated value of the total radius of the vascular bed of interlobular veins (interlobular arteries, central veins of the lobules)
of the liver is based on the generally accepted conclusion about the identical structure and organization of vascular branching of portal vein system and the system of the hepatic artery, which are the vesselsatellites, respectively having the same length and branches but a different diameter (radius) of the vessels clearence, consequently, a different volume of the vascular bed (basin).
Glycogen content estimation in the liver was determined by the results of the quantitative evaluation of products of Schiff (PAS) reaction. The area occupied by the cytochemical reaction products having a specific color intensity per unit area of 7500 µm 2 was estimated. Morphometry was performed using the program ''Adobe Photoshop CS3 Extended RUS'', ''Image Pro'', ''Image 3.0''. The last group of methods was a statistical analysis of the data. Statistical processing of the results was carried out using the methods of variational statistics in the programs ''Statistica 6.0''. (StatSoft Inc., USA), AtteStat. The results were considered statistically significant at p < 0.05 (95% accuracy).
Results
Normally the area of interlobular veins is 33.6 times larger than the area of interlobular arteries, the area of the central veins (the system of the inferior vena cava) is 37.2 times larger than the interlobular artery, which corresponds to the calculated ratio of the volume of the portal vein system and the hepatic artery system 5.8:1, the inferior vena cava system and the hepatic artery system 6:1. Consequently, the main role in ensuring blood supply to the liver belongs to the vessels of the portal system and the volume of the central veins of the lobethe vessels of the basin of the inferior vena cava, equals to total blood flow volume both through the portal and along the arterial course. The estimated ratio of the volume of the portal vein system and the hepatic artery system, as well as the ratio of the volume of the inferior vena cava system and the hepatic artery system in the dynamics of modeling of acute strangulational small bowel obstruction is presented in table 1.
Three hours after the modeling of ASBO, there is a statistically significant increase in the area of interlobular veins 1.62 times and interlobular arteries 2.82 times in comparison with the norm. At this timeframe of the experiment, the area of the central veins increases statistically significantly in comparison with the norm by 2.68 times. In 3 hours after the formation of strangulation ASBO, a statistically significant increase in the total vascular bed volume was observed 2.28 times (Figures 1 -4) .
At the same period of the experiment, we detected a decrease in the level of glycogen in the hepatocytes both in the central and peripheral parts of the lobules (Figures 5,6 ).
In the central sections of the hepatic lobules, a statistically significant decrease in the glycogen level was observed 2.98 times as compared with the norm. In the peripheral parts of the lobules, a statistically significant decrease in the glycogen level in 4.16 times is also noted in comparison with the norm. After 6 hours from the beginning of the experiment, vasodilation of the arterial link of the microvascular bed was observed, a statistically significant increase in the area of interlobular arteries was observed 4 times when compared with the norm. At the same time, a statistically insignificant decrease in the area of interlobular veins was observed 1.06 times in comparison with the norm and a statistically significant decrease in the area of interlobular veins in 1.71 times in comparison with the previous period of the experiment (Figure 3 ). Figure 5 ), in the peripheral parts of the lobules ( Figure 6 ).
Test Parameters

Experiment
After 3 hours
After 6 hours
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After 24 hours The estimated ratio of the volume of the portal vein system and the hepatic artery system (1), as well as the ratio of the volume of the inferior vena cava system and the hepatic artery system (2) in the dynamics of acute strangulational small bowel obstruction modeling.
The area of the central veins was statistically significantly decreased by 2.73 times compared with the norm and by 7.33 times in comparison with the previous period of the experiment (Figure 4) .
The total area of the vessels decreases 1.63 times in comparison with the norm and 3.72 times in comparison with the previous period of the experiment, mainly due to deterioration of the blood supply through the portal system (Figure 1 ). After 6 hours from the beginning of the experiment, a statistically significant increase in the glycogen level in the central sections was observed in 1.37 times, compared with the norm and a statistically significant increase in the glycogen level in the central sections of the lobules in 4.09 times compared with the previous period of the experiment ( Figure 5 ). The level of glycogen in the peripheral parts of the lobules did not change statistically significantly as compared with the norm, but in comparison with the previous period of the experiment statistically significantly increased 4.07 times, practically reaching the norm ( Figure 6 ). 12 hours after the formation of strangulational acute intestinal obstruction, the area of interlobular arteries statistically significantly increases by 1.55 times in comparison with the norm, and when compared with the previous period of the experiment the area of interlobular arteries decreases 2.59 times, which indicates a generalized spasm of vessels of a great circle of blood circulation, with spreading to the vessels of the celiac trunk ( Figure 2 ). The area of interlobular veins at this time of the experiment decreases 1.09 times in comparison with the norm, it does not change statistically significantly in comparison with the previous period (Figure 3 ).
At this time of the experiment, the area of the central veins, in comparison with the norm, increases statistically significantly by 1.54 times, and in comparison with the previous period of the experiment it increases by 4.2 times (Figure 4 ).
There is a statistically significant gradual increase in the total share of the vascular bed in 1.61 times compared with the previous period of the experiment, practically reaching the norm (Figure 1 ) due to increased arterial blood flow.
12 hours after the formation of the strangulational ASBO, the level of glycogen in the central sections of the lobules increases 1.43 times when compared with the norm, it does not change statistically significantly when compared with the previous period of the experiment, and reaches the norm in the peripheral parts of the lobules and, when compared with the previous period of the experiment, statistically does not change significantly (Figures 5,6 ). 24 hours after the formation of the strangulational ASBO the area of interlobular arteries, when compared with the norm, increases statistically significantly 3.63 times, and compared with the previous period of the experiment, the area of interlobular arteries increases 2.35 times (Figure 2 ). The area of interlobular veins at this time of the experiment, as compared with the norm, increases statistically significantly by 1.92 times, statistically significantly increases by 2.09 times in comparison with the previous period (Figure 3) .The area of the central veins, as compared to the norm, increases statistically significantly by 2.59 times, and in comparison with the previous period of the experiment it increases by 1.68 times (Figure 4 ).
In this case, the total area of the vessels increases by 2.01 times in comparison with the norm and by 2.03 times in comparison with the previous period of the experiment (Figure 1) .
After 24 hours, a statistically significant decrease in the level of glycogen in the central parts of the lobules is observed when compared with the norm of 1.11 times, and when compared with the previous period of the experiment, a statistically significant decrease by 1.59 times. In the peripheral parts of the lobules a statistically significant decrease in the glycogen content is observed when compared with the norm by 1.45 times, and when compared with the previous period of the experiment a statistically significant decrease in 1.50 times (Figures 5,6) .
The correlation coefficient of the area of the HMCB (the total area of the vascular bed, the area of interlobular veins, interlobular arteries and central veins) of the liver with the level of glycogen in the central and peripheral parts of the lobules is determined by the Spearman correlation coefficient (r) ( Table 2 ).
1.
Dependence of signs is statistically significant (p < 0.05) 2. Communication between the characteristics being investigated (if the ''+'' is a direct link, if the ''-'' -connection is inverse).
3. Tightness (strength) of the bond: less than 0.3 -weak bond, from 0.31 to 0.5 -moderate; from 0.51 to 0.7 -significant, from 0.71 to 0.9 close; from 0.91 to 1 very close.
Discussion
The results of our study coincide with the conclusions presented in cases [3, 4] and confirm that the liver is the first target organ on which the main impact of toxemia occurs in the form of a massive supply of biologically active substances and toxic products via the portal vein with blood, formed during ischemia and/or necrosis of tissues of the pathologically altered portion of the small intestine.
The result of our study is the determination of the timing of the maximum changes in the hemocirculatory bed and the energy metabolism correlated with it in the liver in the dynamics of the development of acute strangulational small bowel obstruction.
We have revealed a strong inverse correlation between the change in the area of the vascular bed and the energy metabolism. The increase in the total area of the vascular bed (reactive hyperemia of the organ) after 3 hours and 24 hours after the onset of the formation of acute strangulational small bowel obstruction, which occurs mainly due to an increase in the area of interlobular veins and central veins of the liver lobules, was accompanied by a decrease in glycogen levels during these periods of the experiment. We believe that the glycogen level decreased due to a change in the distribution of incoming blood, the predominance of venous blood flow through the portal system saturated with toxic products and biologically active substances resulting from ischemia and/or necrosis of tissues of the pathologically altered site of the small intestine, which, in its in turn, required an increase in energy costs for the performance of a detoxifying function. The area of interlobular arteries at all times of the experiment exceeded the norm, which, in our opinion, is due to the increase in the body's oxygen demand. After 6 hours and 12 hours from the onset of the formation of the spinal CT, we observed a decrease in the blood supply of the liver through the portal system, the toxic effect on hepatocytes decreased and the level of glycogen increased. It is likely that the decrease in the flow of venous blood through the portal system is due to a decrease in the influx of arterial blood to the intestine due to the reactive spasm of the vessels of the great circle of blood circulation, observed under stress.
Paralytic vasodilation, which develops at the maximum time of observation in the experiment leads to an increase in the flow of toxins into the blood from the area of pathological changes in the small intestine. Toxins, in turn, have a direct damaging effect on liver cells, damage the membrane structures of hepatocytes and disrupt the transmembrane transport of hydrogen and other substrates, which in turn leads to discoordination of metabolic processes and subsequently, with the progression of the disease, to death cells. The result of this process is the development of hepatic insufficiency of varying severity, which is confirmed by the results of studies [13, 14] .
Reduction in the level of glycogen in liver at the end of the experiment indicates a violation of energy metabolism at the organ level. These changes in turn can lead to disruption of carbohydrate metabolism and energy processes in other organs and tissues, since the liver is one of the main organs for storing glycogen. Insufficiency of energy metabolism in the liver leads to a lack of protein synthetics, detoxification, reparative, plastic and other liver functions, since all processes in the liver are associated with the consumption of glycogen, which is the main source of energy in metabolic processes.
The changes in the microcirculatory bed and energy metabolism revealed by us during the modeling of acute strangulational small bowel obstruction characterize a marked decrease in functional and reparative capacities of the liver tissue. Energy deficiency leads to a decrease in metabolic, detoxifying, excretory and other functions of the liver.
Dysfunction of the liver and violation of its barrier function, in turn, is the basis of systemic intoxication, contributes to the defeat of other organs and body systems, the violation of protein, lipid, enzyme, mineral, water metabolism, discoordination of protective and compensatory reactions at the body level, i.е., a vicious pathogenetic circle is formed, the result of which is the development of the syndrome of multiple organ failure. Thus, our study also confirms the conclusions [12] about the need for early corrective therapy in patients with strangulational ASBO.
